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NOTICE:  When  goyexxnnent  or  other  dravliags,  speci¬ 
fications  or  other  data  are  used,  for  any  purpose 
other  than  in  connection  vLth  a  d:eflnitely  related, 
government  procurement  operation^  the  U.  S. 
Government  thereby  Incurs  no  responsibility,  nor  any 
obligation  'v^tsoeverj  and.  the  fact  that  the  Govern¬ 
ment  may  have  foimolated,  furnished.,  or  in  etny  way 
supplied,  the  said,  drawings,  specifications,  or  other 
data  is  not  to  be  regardied.  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  at^  rights 
or  permission  to  manufacture,  uSe  or  sell  any 
patented.  Invention  that  may  in  any  way  be  related 
thereto. 
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PlfeOf  VAIfAmiJM  ^i^loys 


ABStRA^t 

Experimental  vana<Mnm-GaiiimMn^  base  alldiys  were  fabricated 
tc  sheet  from  200-gram  afG-melted  ihgats.  The  compositioh  V“60w  Cb“ 
iw/o  Zir-O,  075w/b  G  had  ultimate  tensile  strength  values  of  97,  000,  77,  000, 
and  20,  000  psi  at  1800®  *  2000®  i  and  2400®  F,  respoctivelyi  Qn  a  density- 
GorreGted  basisi  the  values  up  tp  2000®F  were  the  highest  of  all  materials 
studied  under  this  asd  the  ppeeeding  programs^  The  V^40w/p  Cb^30w/o  Ta- 
iw/p  Hf  alloy  had  higher  2400®  F  streitgth  (2§,  4O0  psi)  but  lacked  the  high 
ropm^temperature  ductility  Of  the  V-Cb^Zr^G  inateriaL 

Extruded  and  wrought  plate^and  sheet  stock  from  the  second 
tOO-pound  ingot  (hprninal  compositipn  V*^4w/o  Ti^20w/p  Cb^lw/o  Zr-  , 

0.  075w/o  G)  was  received  and  distributed  to  organizations  participating  in 
the  data ‘^exchange  program.  A  total  of  44  pounds  of  usable  material  was 
obtained,  compared  to  about  30  pounds  for  the  first  large  ingots 
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This  is  the  eighth  biniOHthiy  report^  cbverihg  progress  made 
duiring  the  period  November  18,  1962  to  Jandary  17,  1963,  under  CohtraGt 
NOw  62-0101 -g,  entitied  *'*FiiOt  Evaluation  oi  Vanadium  Alloys**  (AHF 
PrOjeGt  BZSi).  Previous  studies  of  vanadium- goIu®  alloys  have 

demons  tr  ated  the  exeeilent  workability,  weldability,  elevated -  temper  atur  e 
strength,  and  Goatability  of  GompGsitiohs  ih  this  system.  The  current  pro- 
grain  is  OOhcerned  Mth  alloy  development  (the  optimization  of  both  vanadium- 
aiid  eGlumbium-rieh  alloys)  and  with  the  pf  eparation  of  tO0>  or  ISO^pOund 
ingots  of  the  mOst  promising  compositions  for  pilot  evaluatiOni  The  alloy 
development  efforts,  based  oh  data  obtained  from  ZOO^gram  arc ‘^melted 
ingots^  are  substantially  Gomplete.  In  addition^  two  of  the  lOO^pound  ihgots 
have  been  extruded,  fabricated  to  sheets  and  are  currehtly  being  evaluated 
at  the  Foundation  and  by  aerospace  and  Other  organizatiOhs. participating  in 
the  data-exchange  program.  Silicide^ba&e  coatings  are  Gurrehtly  under 
study  under  Gontract  N600(19)59182,  and  this  related  program  includes  the 
coating  of  vanadium  alloy  specimens  prepared  under  the  pilot  evaluation 
prograihs.  Another  current  program,under  COntraet  N660(:19)59567  is  aimed 
at  improving  the  stress  ^rupture  properties  pf  vanadium  alloys  by  investigation 
of  dispersipn^strengthemng  mechanisms. 

During  the  current  reporting  interval,  efforts  have  been  devoted 
to  the  evalua^ipn  of  mechanical  properties  of  experimental  alloys,  so  that  the 
composition  of  a  third  large  ingot  can  be  selected*  Although  these  d^ta  are 
substantially  complete,  specimens  of  a  number  of  these  experimental  alloys 
have  been  siliconized  (ARF  Program  B6004)  and  are  currently  being  exposed 
to  2200®  F  air*  Final  selection  of  a  composition  will  be  made  as  soon  as  the 
siiicide  coatings  have  demonstrated  adequate  protective  eapabilities  up  to 
at  least  2400®  F,  Also,  during  this  report  period  sheet,  plate,  and  bar  stock 
from  the  second  lOO^pound  ingot  (the  composition  V^4Ti^2DGh-  lZr-0.  075C  ) 
*''^T5omposI^0na^^^W7epGfte3^m"we1^hFper'^Went. 
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\v4s  r  eGeived  from  Dii  Pont  Sad  si^bsequently  forwarded  tO  organizatiolaa 
desiring  speGimens  for  evafeatioai 

fl.  R  ESI  MB:  ANP  jDj^MSSlQM 

A,  gxper imen^^  Aftoya  -±Fabr icia>tio^ 

The  previoaS  bimonthly  progress  report  inGluded  a  list  Of  the 
experimental  alloys  ipr  epar  ed  utider  this  progfa®  |T§ble  h  ARF"B  23i~7.h 
Diirihg  the  GurrOM  report  period,  fotir  additional  20O'“grSi®  GompOsitiohs 
were  are- melted.  These  iiiGladed: 

V- 1  Zr-60eb-  10f  a-0i*  075C 
V-35Gr-lZr 
V-25MO-2Zr-0.  iC 
V-25MO-2.  5Mf-0.  1C 

The  fir  st  of  these  Gompositions  was  selected  to  study  the  effeGts 
of  a  1 0w/o  taiitalum  addition  to  a  V  “60Cb  base  GOmplexed  with  zirOOhiiim  and 
carboii.  The  remaimhg  three  alloys  were  seieGted  On  the  basis  of  alloy 
development  studies  performed  by  Crucible  Steel  Company/^^  All  ingots 
except  the  y-ZSMp-Z.  SHf^O.  1C  mateifial  fabriGated  to  0.  OSO^ihch  thick  sheet 
by  hot  rolling  (2300®F)  followed  by  warm  {12O0*F)  then  cold  rpllihg*  Specie 
mens  are  being  prepared  for  tensile  and  other  evaluations. 

Three  additional  ingots  whioh  were  listed  in  Table  I  pf  the 
previous  report  (ARF~B231-7)  were  sjibsequently  fabricated  by  hot^  and  cold-^ 
working  teehruques.  These  alloys  were  based  on  V^lTi^yOCb,  and  Gontained 
5w/o  each  of  tungsten,  tantalum,  or  molybdenum.  Only  the  ingot  eontaihing 
5w/o  molybdenum  could  not  be  rendered  to  0,  05O*^inch  thick  sheet. 

B*  Experimental  Alloys^ -^Tensile  Data 

Tensile  data  for  a  number  of  eomppsitians  wpre  obtained  at 
room  temperaturej  and  at  1800- ,  2Q0D®  ,  and  2400® F.  These  sheet  specie 
mens,  0.  OSO^inch  thick,  were  in  the  fully  reerystallized  condition,  and 
strain  rate  of  0.  06  in.  /in,  /min  was  used*  Elevated  temperature  data  were 

(1)  V,  C,  Petersen  and  H.  B  Bomberger,  ^^Development  of  Improved 
Vanadium=Base  Alloys  for  Elevated-^ Temperature^  Use,  **  ASD-sTDR-^ 

6  2  ^  6 6  7>  A ugus t,  1 9 6 1 
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oMMned'  under  a  highly  purified  feiglium  atmdspherer  f  he  purity  of  the  test 
ateosphere  was  Ghecked  by  the  use  of  Gontamdnatioh  indiGator  tabs  of  0^31 
sh^et  wired  to  the  gage  length  of  tensile  speGimens,  and  subse^uentiy 
evaluated  for  naiGrohardhess,  in  additiOii)  each  elevMed-teHiperMur  e  tensile 
safflple  was  subjeeted  to  a  f  oom-temperature  bend  test  in  the  gage  portion 
after  fracture#  Bend  ductility  values  compared  favorably  with  results 
obtained  on  annealed  sheeti  in<h eating  absence  of  excessive  contartiination 
during  elevated-temperatUre  testing# 

The  results  of  theee  tensile  evaluations  are  presented  in  Table 
I.  In  some  casesi  data  from  earlier  reports  showing  results  at  other  test 
temperatures  are  also  included#  Nine  of  the  coxiapositioHS  were  vanadium “ 
rich,  containing  approximately  b7  to  75w/p  of  this  element.  The  baiance  of 
the  alloys  Gphtained  from  24  to  39w/0  of  vanadium,  vdth  GOlumbium  contehts 
ranging  from  30  to  70w/o. 

Data  for  the  high^vahadium  alloys  included  four  compositions 
based  On  V-4Ti-lZr.  Carbon  additions  to  this  base  resulted  in  an  increase 
in  the  elevated^temperature  strehgth  properties^  especially  in  combinatioh 
with  5w/b  tantalum  and  2.  5w/o  molybdenum.  A  small  ruthenium  addition 
(0.  5w/o)  to  the  20Cb^4Ti^lZr  base  produced  a  material  which  appeared  to 
be  hot-^short  at  1800®  and  2000® F.  Somewhat  higher  strengths  were  noted 
for  a  V5=20Cb-2.  $Mo-lZr^0,  07 5 C  base  containing  5w/o  tantalum  or  tungsten. 
The  highest  strengths  at  1800® F  and  above  were  found  in  alloys  based  on 
V''^20Cb'^l  Zr  ^0.  075 G  with  additions  of  lOw/p  tantalum  or  tungsten.  The 
comppsition  V-EOCb-lOW-lZr-^O.  075G  had  ultimate  tensiler^strength  values 
pf  72,  500,  §1,  700,  and  14,  300  psi  at  1800^,  2000^,  and  2400’ F,  respectively. 
A  subsequent  table  will  compare  the  density‘^cprreeted  strength  values  for 
experimental  alloys,  While  the  lOw/p  tungsten  and  tantalum  additione  prod^ 
uced  relatively  high  strengths^  these  elements  greatly  increase  the  density, 
and  their  effect  on  eoatability  has  not  yet  bee^  established.  Another  compo*? 
sition  at  the  20w/o  columbium  level*  Vs^^OCb-^lOTa,  had  unusually  high 
2400’ F  strength  (15,  400  psi).,  but  bad  low  tensile  elongation  (4  per  cent)  at 
room  temperature. 
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IPwo  aM(jys  Gontaittiiig  relatively  large  taMalum  additions  were 
evaluated.  These  GOmpdsitipns,  V -  lO Gfe“ 35 Ta^  IH^  and  If  -40 Gb-  30Ta~  iHi 
were  arriong  the  strongest  of  all  alldys  studied  under  this  and  pr  evioua 
vanadium- alloy  deveidpntent  progrrams.  The  latter  composition  had  ultim^e 
tenaile  s  tr  e^jigth#  69^  500^  arid  25,  400  psi  at  1800*^  2000®  ,  and 

2400®  F|  respeGtivdly.  While  the  density-Gorr  eGted  strength  values  at  1800® 
and  2000®  F  are  slightly  lower  than  values  for  sevefai  other  alloys,  the 
2400®  F  strength -density  ratio  exceeds  all  other  cornpositions  tested.  These 
two  GOmpositions  have  relatiyely  low  tensile  elongations  at  1800®  F,  and  the 
rOQm-temperature  tensile  elongation  values  (7  and  10  per  Oent)  indLeate 
slightly  reduGed  ductility,  GOmpar  ed  to  other  alloys  studied.  The  rernaining 
alloys  listed  in  Table  I  contain  60  and  TQw/o  Golumbiurrii  Data  are  inGluded 
for  sheet  speGimens  frOrn  the  lOO-pound  V=^lTi-60Cb  ingot,  prepared  by 
double  consumable -electrode  ar  c  ^melting,  followed  by  extrusion,  and  rolling. 
This  material  had  unusually  high  tensile  elongation  (25%)  at  room  temperature 
possibly  a  result  of  the  relatively  low  interstitial  Gontent. 

Four  experimental  alloys  were  based  on  V’-lTi-60Cb,  Tensile 
data  for  these  Gompo$iti0ns  are  iiot  complete,  but  two  alloys  had  low  room- 
temperature  ductility:  V-^lTi^60Cb^2.  5Mo^0.  $Ru  with  i%  tensile  elongation 
and  V-lTi^60Gb-5Ta  with  6%  elongation.  Addition  of  0.  Iw/o  carbon  or 
0,  075w/p  oxygen  to  V“lTi-60Cb  produeed  a  moderate  increase  in  the  2000® F 
strength,  although  the  latter  alloy  was  difficult  to  fabricate. 

Three  compositions  base#  on  V-^lHf-60Qb  were  also  stuped, 
and  elevated-temperature  data  show  that  the  addition  of  lOw/p  tantalum 
produced  Gonsiderable  strengthening,  especially  at  2400®  F.  The  remaining 
alloy  at  the  60w/o  eplumbium  level,  V-^bOGb-^lZr-Q.  075C,  was  the  strongest 
eomppsition  studied  under  these  programs  at  1800®  and  200Q®F;,  the  ultimate 
tensile  strength  values  were  97,  000  and  77>  000  psi,  relatively.  At  2400® F 
this  allpy  has  an  ultimate  strength  pf  about  20,  OOQ  psi,  the  strongest  of  the 
more  ductile  60w/o  eplurnbium  alloys  at  this  temperature,  A  new  ingot  of 
this  eomppsition  is  being  prepared  tp  recheek  these  values,  and  tp  obtain 
additipnal  rppm^temperature  data.  Results  for  this  allpy  confirm  earlier 
findings  that  zirepmum  in  combination  with  earbph  is  an  effeetiye  strengthen^- 
er  in  vanadium ‘scplumbium  alloys, 
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ICxperi^aenitM  alloys  evaluiatedl  during  this  reporting  interval 
also  ihGlude  two  coMpo^ition#  at  the  70 w/o  GOtenabhiurn  levelr  V  - 1  Ti>70G!fe- 
5Ta  iaiid  V ^  iTi-70’Gb-5Wi  While  hoth  materials  had  relatively  high-strength 
values  at  2000®  and  2400®  F,  their  room^temperature  duOtility  wa&  exeessively 
low--^teh8ile  elongations  were  ©  to  2  per  oenti  While  their  2400®  F  strength 
values  were  near  20:^  000  psi>  the  density^ corrected  strengths  d!o  hot  compare 
iavor  ably  i^th  olher  lower  -Golumbium  materials:. 

A  group  of  selected  alloys  for  which  diehsity-GorreGted  strength 
Values  have  been  GalGulated  is  shown  in  'Fable  II.  These  data  are  for  compo- 
sitiohs  which  cohld  be  readily  fabriGated  to  sheets  however »  in  a  few  casea, 
the  room -temperature  ductility  may  be  somewhat  low.  Strength -density 
ratios  at  rOOm-temperature  vary  over  a  relatively  narrow  range.  C0h8ider> 
ably  larger  variations  occur  at  elevated  temper  atur  esi  and  the  higher  - 
Golumbium  alloys  usually  exhibit  higher  strengths  oh  a  dehsity^ corrected 
basis.  The  compOsitioh  e^diibitihg,  by  farj  highest  strength-dehsity  ratio 
at  room  temperature  and  at  1800®  and  2000®  F  was  V-60Gb“tZr  ^0.  07$G,  and 
this  alloy  at  2400®  F  was  strongest  except  for  the  y-40Gb^30Ta^lHf  material. 
Aithough  eoatability  of  these  compo  sitiohs  has  hot  been  established,  it  is 
ahticipated  that  no  difficulties  will  be  ehcouhtered  >^th  pack- siliconized 
coatings  oh  the  V^60Gb-t  Zr-0.  075C  alloy.  Thus,  this  composition  appears 
to  be  a  logical  candidate  for  the  third  large  ihgpt  for  pilot  eyaluatiph. 

G.  Ijarge  Ingot  Fabrication 

Extruded  and  wrought  stock  from  the  second  lOO^^ppund  ingot 
was  received  from  Du  Pont.  The  npininal  cpmpositipn  of  this  material  was 
V^4Ti“20Cb^lZr  ^0.  075G.  Ihgpt  analyses  were  reported  in  the  previpus  hi^ 
monthly  progress  report  (ARFspBZSI^-?).  Sine e  that  time,  several  sections 
of  the  QSO^inch  thick  sheet  have  been  analyzed  for  carbon,  ydth  results 
ranging  from  0,  05  to  0.  07w/p  carbon  (O.  06-w/p  average).  These  data  epn?^ 
firm  the  earlier  analyses,  and  indicate  that  some  carbon  was  Ipst  dhrihg 
melting. 
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jftfteip  fi^bf  iGatioRi  appr  osdmafce  iS .  8  sq  ft  of  0*  050  -inefe;  tbick 
sheet,  2.  i  sq  ft  of  0.  iZS  -^ibGh  plate,  O.  2  !■  sq  ft  of  ®.  S  -iHcfe  plate^  ari^  a 
3  l  /Z  by  6  1/2  by  1  imv  sectioH  of  as^extriided  fear  were  available  foir  evate^ 
atioix.  Figure  1  is  a  photogra;;ph  of  this  material,  showing  the  r eliatively 
small  amount  of  edge  Gracking  on  the  thin  sheetSr  A  total  of  44  pounds  of 
exceileht  quality  stock  was  received,  and  the  ingots  prior  to  extrusion, 
weighed  approximately  65  pounds^  This  yield  is  eohsiderably  better  than 
that  Obtained  for  the  first  lOO-pound  ingot,  which  yielded  only  about  30  pounds 
of  usable  riiateriaL  Ou  Foht  commented  that  this  high-vanadium  ingot  did 
not  work-harden  to  the  degree  experienced  v^th  the  V-iTi-60'Cb  alloy,  and 
only  One  intermediate  anneal  was  required  in  sheet  rolling  of  the  V-4Ti^ 
2OC3b-l  Zr-0,  075 G  material. 

Sheet  at^d  other  stock  from  this  second  large  ingot  wer  e  for-^ 
warded  to  the  organizations  requesting  material  for  evaluation  under  the 
data-exehahge  portion  of  this  program.  A  complete  list  of  materials  for¬ 
warded  will  be  ihcluded  in  a  sUbsequeht  report,  in  addition,  a  pOrtioh  of 
the  plate  and  sheet  stock  was  r etaihed  by  the  Foundatiph  for  detailed 
mechanical  property  evaluatiOhs.  These  data  vill  be  presented  in  tabular 
form  as  soon  as  the  various  phases  of  the  evaluations  have  been  eompleted. 
Some  data  are  now  availabie  for  the  first  iOQ^rpound  ihg3t(V^lTi^60^^^^^  and 
these  results  will  be  presehted  in  a  subsequent  report  when  additional  data 
are  obtained* 


Arrangements  have  been  made  to  have  tensile  and  stress- 
rupture  tests  eondueted  at  Watertown  Arsenal  (AMK;A),on  sheet  material 
from  the  second  and  third  large  ingots.  Two  square  feet  of  the  second  ingot 
(V‘^4Ti^20Cb^lZr  %0.  075C)  are  eurrently  being  annealed  and  will  be  fpr^- 
warded  to  Watertown  in  the  near  future,  Seleotion  of  a  composition  for  the 
third  ingot  will  be  made  as  soon  as  the  silieide  coatings  have  been  evaluated 
on  some  of  the  more  promising  alloys, 

ffi,  summary 

Experimental  vanadium  alloys,  prepared  aa  200'^gram 
nonconsunaable^electrode  arG-^melted  ingots,  were  evaluated  for  tensile  proper¬ 
ties  at  temper atures  up  to  iZOO’^  F’.  Oh  a  djensity-eorreeted  basis,  the  alJoy 
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JB^r,  pUtte,  aiid  sheet  stock  from  the  lOO-pouad  ijo^ot  of  V'^4'Ti»20Cb»  l  Zr^d,  075G. 
Very  little  odgb  eracidng  occur  red  OU  fhe  farge  0*  05O»inch  thick  sheets, 
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V“60^b“  f  Zf -0i  075C^  was  the  :st3?©ngest  Of  aU  MgMy-duetaile  Gompositaons 
testod:  to  date  at  roo®  temperature  and  at  1800®  and  Z000®  F.  Its  density- 
cGrrected  strength  at  2400® F  was  among  the  highest  of  all  materials  studied 
under  this  and  previous  programs,  A  high- tantalum  oompositiohi  V-^OCb- 
30Ta-  ltif,  exhibited  a  slightly  higher  strength-to-^^d^  ratio  at  2400®  F, 
but  this  material  had  low  room^temperature  tehsile  elongation  (J  per  centj 
compared  to  the  15  per  cent  value  for  the  V^Cb-Zr'^G  material.  A  nuffibeaf 
of  alloys  containing  20w/o  vanadium  with  additions  of  reaGtive  eleiiiehts 
(titanidm  and  zir  OoiMum)  j  refraGtOry  metals  (;mOlybdenum>  tantalum^  and 
tungsten):^  and  carbon^  wore  evaluated  at  temperatures  up  to  2400® Fi  These 
materials,  generallyi  had  higher  room°temperature  elohgatiOhs  but  were 
weld^ef  on  a  dehsity-GOfrreGted  basis  than  the  high-Golumbium  alloys  at  all 
temp  erabir  e  s  s 

pased  on  results  to  datei  the  V-60Cb-l  Zr°0,  075'C  Gompositioh 
is  the  most  IpgiGai  seleetion  for  the  third  large  ingot  for  pilot  evaluatiph. 

The  behavior  of  jpaek-^  siliGonized  coatings  and  weldability  and  bend  ductility 
of  this  alloy  are  currently  being  investigated  prior  to  issuing  a  purchase 
order  for  meltihg  of  the  large  ingot. 

detruded  bar  and  wrought  plate  and  sheet  stock  from  the  second 
100'^poUnd  iiigot  .{V-4Ti^20Gb°l  Zr were  received,  A  total  of  44 
pounds  of  exeeilent  quality  stock  was  obtained,  compared  to  a  yield  of  only 
about  30  pounds  for  the  first  ingot.  Samples  have  been  forwarded  to  aero?^ 
space  and  other  organizations  partieipating  in  the  data  ^exchange  progreun. 
Arrangements  have  also  been  made  to  have  sheet  stpek  from  the  second  and: 
third  large  ingots  evaluated  at  Watertown  Ar  seni  iAMRA)» 

ly,  FfJTUBE  WQRK 

The  alloy  development  phase  of  this  program  has  been  completed 
except  for  a  limited  number  of  mechardcal  property  evaluations  on  eompo^ 
sitions  eurrentiy  in  process.  Selection  of  a  eomposition  for  the  third  large 
ingot  will  be  made  aa  soon  as  tensile  values  of  the  most  promising  materials 
are  reeheeked,  and  the  protective  capabiHties  of  silicide  coatings  on  these 
alloyi  have  been  demPhstrated.  Sheet  and  plate  stock  from  the  fir  st  two 
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i'Od-pGlind  ingots  are  clirrently  feeing  evaluated  for  meefeaniGai  arid  Otlier 
properties  at  the  Foundation  and  aiiso  at  aor  ospaco  and  Other  orgahizations 
who  have  been  supplied  with  materials.  Data  frOin  these  evaluations  vidll 
be  presented  in  subsequent  bimonthly  r-eports^f  and  will  be  f  ummarized  in 
a  Final  Report  When  all  iniormation  has  been  r eGeived  from  the  other  organic 
zations. 

The  following  personnel  GOhtributed  to  the  work  reported 

herein: 

F.  €•  Holtz 
B,  R,  Raj  ala 
L,  Richard 
R.  S*  Van  Thyhe 
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«  Project  Supervisor 

^  FrojeOt  LiOader 

“  PrpjeGt  TeGhniGian 

“  Advisor 
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Senior  Metallurgist 
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PismlsMTi^  MBt 

Contract  N€>w  ^2-0101 -c 


Commande  r 

Aeronautical  Systems  Division 
Wright- Fatter  son  Air  Force  Base 
Ohio 

Attn;  AS!RCMP-1 

Nuclear  Metals  Incorporated 
Cohcor d,  Mas  sachusetts 
Attn:  Or.  A.  Kaufmanh 

Batteile  Memorial  Institute 
505  King  Avenue 

Defense  Metals  information  Center 
Columbus  1,  Ohio 

Uhiversity  of  California 
Ijawrence  Radiation  laboratory 
Post  Office  Box  608 
Livermor Of  Galiior nia 
Attn:  Mr.  Clovis  G.  Craig 

TeGhhical  Information  Div. 

Loclcheed  Aircraft  Corporatioh 
Liockheed  Missiles  Systems  Div. 
Hanover  Street 
Palo  Altpj  California 
Attn:  Dr.  T.  E.  Tietz 

Commander 

Air  Force  Ballistic  Missile  Div. 
5760  Arbor  Vitae  Street 
Inglewood  45,  California 
Attn:  WDTDA 


Chief  of  Naval  Research  (ONR:423)^ 
Departmeht  of  the  Navy 
Washington  25,  D.  C. 

DireGtor 

U.  S.  Naval  Research  Laboratory 
Metallurgy  Division 
Washington,  D.  C. 

Attm  Mr.  W.  Pellini 

U.  S.  Atomic  Energy  Commission 
Division  of  Reactor  Development 
Engineering  Development  Branch 
Washihgton  25,  D.  G. 

Attn:  Mr.  J.  M  Simmons 

chi  ef ,  Metallur  gy 

Department  of  the  Navy 
Bureau  of  Ships 
Washihgtoh  25,  D,  C, 

Attn:  Code  343 

Boeing  Airplane  Cornpany 
S  e  att le ,  W a  shington 
Attn:  Mr.  E  C,  Bovee 

Staff  Engineer  for  Materials 
and  Processes  Staff 

Republic  Aviation  Corporation 
Farmingdale,  Long  Isiand,  New  York 
Attn:  Dr.  S.  Kar man 

Chief,  Materials  Development 
Division 


Commander 
Watertown  Arsenal 
Watprtown  72,  Massachusetts 
Attn:  Mr.  S.  Arnold 

Commander 

Ordnance  Corps.,  Frankford  Arsenal 
Pitmann  Dunn  Laboratory 
Philadelphia  37,  Pennsylvania 
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U.  S,  Atomic  Energy  Commission 
Technical  Information  Service 
Post  Office  Box  62 
Oak  Ridge,  Tennessee 

Commanding  Officer 
Naval  Air  Material  Center 
Aeronautical  Materials  Laboratory 
PhiladelpMa  Naval  Base 
Philadelphia  12,  Fennsylvania 
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National  Aeronau^tic  s  and  Space 
Admins  tr 

ISZO  M  Str&e^^^  N.  W. 

Washington  1).  G.  (3  copies); 

National  Academy  of  Sciences 
Materials  Advisory  Board 
210 1  Gonstitution  Avenue,  N,  W* 
Washington  25,  G* 

Attn:  Dr*  toseph  Lane 

Oregon  MetallurgiGai  GOfp. 

Post  Office  Box  484 

Albany^  Or  egOn 

Attn:  Mr.  Russell  Hardy 

General  ElectriG  Company 

Air  or  aft  Nuclear  Propulsion  Dept. 

Gincimiatii  Ohio 

Attnl  Mr^  James  McGurty 

Natiohai  Aeronautics  and  SpaGe 

A  (hnin  St  r  ation 

Lewis  Research  Center 

21000  Brppkpark  Road 

Cleveland  3  S,  Ohio 

Attn:  Mr,  Charles  A-  Barrett 

Aerojet-Geiieral  NuGlepnics 
San  R  amon,  Calif  or  ma 
Attn:  Mr .  Irwin  Rhen 

Stprchheim  Research  and 
Developmeht  cprp. 

34-32  S7th  Street 

Wopdside,  New  York 

Attn:  Mr.  Samuel  Stprchheim 

E.  I.  du  Pont  de  Nemours  and 
Gompany,  IHG . 

W ilmingtpn  98 ,  Dela war  e 
Attn:  Mr.  J.  $ympnds 

Pigments  Department 

Grucihle  Steel  Company  of  America 
Mellon  Squar  e 

Pittsbur  gh  22,  Pennsylvania 
Attn:  Mr.  Walter  L,  Finlay 


Union  Carbide  Metals  Company 
4625  Rpyai  Avenue 
Post  Office  BPx  580 
Niagara  Falls,  New  York 

Battelie  Memorial  Institute 

Columbus  1,  Ohio 

Attn:  Mr^  H,  R.  Ogden 

General  EleGtrie  Gompany 
Flight  Propulsion  Laboratory 
Cincinnati  15,  Ohio 
Attn:  Mr  .  R.  G.  Frank,  Manager 

Space  Metallurgy  Projects 
AR©  Suiiding  200 

GhroniallPy  CPrpPration 
16^  Western  Highway. 

West  Nyack,  New  YPrk 

Attn;  Mr,  Rivard!  L.  Wachtell 

Harvey  Aluminum 
Research  and  Development  DiVi 
19200  Sputh  Western  Avenue 
Tor r ance,  Califorma 

Haynes  Stellite  Company 
Pivision  of  Union  Carbide  Gprp. 
RokPmp,  Indiana 
Attn:  Mr.  H.  F.  Kuhns 

U,  S.  Bureau  of  Mines 

Boulder  City  Metallurgy  Res  ear  ch 

Laboratory 

Boulder  ©ity,  Nevada 

Attn:  Dr,  D.  H,  Baker,  Jr, 

Armed  Seryiees  Technicai 
Information  Agency 
Arlington  Hall  StatiPn 
Arlington  12,  Virginia  (5  cppies) 

Department  pf  the  Navy 
Bureau  of  Naval  Weapons 
Washington  25,  D.  C. 

Attn:  Mr .  R  ichar  d  Schmidt 

Code  RRMA-222 
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Oftice  of  Naval  Research 
86  Randolph  Str  eet 

GhlGago  ir  liliiiois 
Attw:  Mr  .  R  .  Hediund  (  3  cop 

repro) 

SYLGOR  Division 

Sylvamia  Electi*^G  Products  Inc. 

208-20  Wiilets  Point  Blvd. 

Baysider  Long  Island,  New  Y  or k 

Attn:  Mr  .  L.  Sariia 

Section  Head,  Metallurgy  Dept. 

National  Aeronautics  and  Space 

Adminst  r  ation 

Langley  Research  Genter 

Langley  StatiOni 

Hampton,  Virginia 

Attn:  Mr.  Charles  Manning 

Mg -Donnell  Aircraft  CorporatiOh 
Lambert-Sain  LOuis  Municipal 
Airport 

Post  Office  Box  516 
St;  Louis  66,  Missouiri 
Attn:  Mr.  Howard  Siegel 

Dept.  27  2 

Bell  Aerosystems  Company 
Division  Bell  Aerospace 
Corporation 
Buffalo  New  York 
Attn:  Mr;  E.  A.  Dalega 

North  American  Aviation,  Inc. 
Rpcketdyne  Division 
6633  Canoga  Avenue 
Canpga  Park,  Calif  or  rd  a 
Attn:  Mr.  R.  J.  Thompson,  Jr. 

Director  Research 

North  America  Aviation,  Inc. 

Los  Angeles  Division 
International  Airport 
Lqs  Angeles  9,  daliforma 
Attn:  Mr.  H,  H.  Crotaley 

Manager,  Applied  Science 


Ghance-Vought  Corporation 
Astr  onautics  Division 
Post  Office  Box  6267 
Dallas  22,  Texas 
Attn:  Mr.  M;  J;  Rudick 

Mgr  .  p  Space  Technology 

AeronautiGal  Systems  Division 
Air  Force  Systems  Command^ 

Wright -Patter  80^  Air  Force  Basei 
Ohio 

Attn:  Mr.  James  J.  Mattie e 

Acting  Chief,  Coatings  Section 
Nonmetal  lie  Materials 
Laboratory 

j^rector  ate  of  Materials 
and  ProGesses 
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